INTRODUCTION
============

Today tuberculosis (TB) is considered a major public health issue. According to the 2017 WHO Global Tuberculosis report, in 2016 1.3 million people died because of this condition. The estimated incidence of tuberculosis worldwide for that same year was 10.4 million cases, of which almost 4.700 were reported in our country[@B1].

Tuberculosis is an infectious disease caused by Mycobacterium tuberculosis bacillus. The disease is spread when people who are sick with pulmonary TB (index case) expel bacteria into the air, to other people (contacts), therefore causing TB disease or latent tuberculous infection (LTI)- without clinical or radiologic evidence of active disease[@B2]. An estimated third of the world population currently presents LTI[@B1] and only between 5 and 10% will develop TB disease during their lifetime, although that proportion can climb up to 30% for patients with HIV[@B1] ^,^ [@B3].

For the Prisons Department TB is also one of the most significant public health issues due to its higher incidence with regard to the general population[@B4] ^,^ [@B5] and to the fact that imprisonment itself is a risk factor for the development of TB disease[@B3] ^,^ [@B6] ^,^ [@B7]. In this regard, since 1991 the Department has implemented TB prevention and control programs which have been successful in reducing the incidence of the disease among the imprisoned population in our country[@B8]. These programs focus on the early the early diagnosis and directly observed therapy of new cases, the study of contacts and the detection and prioritization of treatment for LTI cases depending on concurrent risk factors[@B9].

Latency is one of the main obstacles in the eradication of TB[@B10] since most of the cases of active TB are due to the reactivation of latent bacilli, which usually involves individuals with coexisting risk factors[@B11]. Available evidence suggests that age[@B12] and comorbidity (such as HIV[@B1], rheumatoid arthritis[@B13], asthma[@B10] or chronic kidney disease[@B14]), are predictors for both LTI and TB disease. However, studies are controversial on whether social factors such as smoking, alcohol abuse and drug use should be considered[@B13] ^,^ [@B15].

The identification of risk groups has become a challenge and a priority to achieve the control and eradication of the disease[@B16] ^,^ [@B17]. Nevertheless, there are few studies carried out in settings where the incidence is higher such as prisons, and the previously existing data can not be extrapolated to today\'s Spanish immate population[@B18].

This study has a dual objective. On one hand, it intends to estimate the prevalence of LTI in a Spanish type prison (representative of penitentiary facilities built in Spain in the last 25 years) with a urban module structure and a capacity for hosting around 1000 inmates. On the other hand, the study analyses the role of factors traditionally associated to LTI as well as others which can be found among the imprisoned population such as the impact of severe mental illness, being under chronic psychotropic treatment or the inclusion in methadone rehabilitation programmes, which have still not been assessed.

Last, the proportion of LTI patients who have completed or are currently on chemoprophylactic treatment has been estimated.

MATERIAL AND METHODS
====================

Design and subjects of the study
--------------------------------

We have carried out a cross-sectional descriptive study in Madrid VI Prison. The target population is that of the correctional facility (Madrid VI). The inclusion criteria was the fact of being registered in this facility on 16/07/2016. 1090 individuals fulfilled this requirement. 154 individuals were excluded of the study: 5 due to a background of TB disease and 149 due to a lack of updated PPD test results according to the protocol of TB Prevention and Control in the Correctional Setting. This protocol establishes, among other recommendations, that PPD test should be repeated every six months in inmates with HIV and every year for HIV-negative patients, provided that there is no previous positive test[@B9]. The lack of information was due in 34 cases to the refusal of patients to undergo the test, in 69 cases they had already been scheduled for the test but not undergone it yet, and in the remaining 46 because of a delay of the healthcare staff to carry out the test or to transfer the results to the SANIT software.

Variables
---------

Independent variables included in the study were the following: gender (male/female), age classified in 4 groups according to quartiles (under 31/31-38/ 39-47/over 47), nationality classified in 4 categories (Spain and other developed countries/Latin-America/Africa/Eastern Europe and the Middle East), a background of smoking (yes/no), previous methadone maintenance treatment (yes/no), being under chronic psychotropic treatment (yes/no), HIV infection (yes/no), active or resolved HCV infection (yes/no), severe mental disorder (yes/no) and previously completed or current chemoprophylactic treatment (yes/no). The dependent variable is LTI (present/absent). Variables PPD test result (positive, negative and unavailable) and previous TB disease (yes/no) were used to determine the excluded cases.

LTI was considered for those individuals with positive PPD test, measured as a swollen area (induration) of 5 mm or more or as the appearance of vesicles or necrosis 48-72 hours after the injection, regardless the vaccination status of patients. In all cases, active disease was ruled out. LTI was excluded in those cases without positive criteria after assessing the booster effect and discarding recent infectious processes.

The diagnosis of severe mental disorder was established in those patients with non-organic psychotic disorders and some cases with ongoing personality disorder for over 2 years, who also presented moderate to severe dysfunction in terms of work, social and family performance.

Collection of data and statistical analysis
-------------------------------------------

Data on the variables gender, age and nationality were obtained by means of the SIP software (Prison Information System of restricted access). The infor mation on a background of psychotropic treatment, PPD results, HIV and HCV infections was collected by means of the SANIT software. In order to establish the background of TB disease, smoking, methadone maintenance treatment and previously completed or current chemoprophylaxis, paper medical records were consulted. With regard to the diagnosis of severe mental disorder, this was consulted in a computer-based record of the Madrid VI setting itself. The collection of data was carried out by a single investigor.

For the analysis of data, SPSS Statistics 23 programme was used. The description of qualitative variables and the estimation of LTI prevalence are depicted as absolute values and percentages. For the continuous quantitative variable age, the distribution of its values was assessed by means of the Kolmogov-Smirnov test, by considering central trend measures such as the median and inter-quartile ranges (IQR), due to its non-normal distribution. The frequency of distribution of independent variables in the LTI present or absent groups has been analyzed. To verify the differences between both groups p value has been calculated by means of Ji^2^ and Mann-Whitney U tests. Statistical significance was defined for p value of 0.05 or less. The magnitude of the association between different variables and the presence of LTI has been established by means of logistic-regression bivariate and multivariate analysis, therefore considering potential confusing factors. The calculated association measure has been the odds ratio with 95% confidence intervals.

Limitations of the study
------------------------

The technique used to diagnose TB infection is PPD test, which after the injection of a purified protein derivate (PPD RT-23) shows previous hypersensitivity to that substance. PPD is highly sensitive for individuals with unaltered immune response. However, for HIV-positive patients its sensitivity drops to 70%[@B19] ^,^ [@B20] which can entail a significant proportion of false-negatives in this population group. Another drawback of PPD test is that proteins are non-specific for Mycobacterium tuberculosis, but common to other non-tuberculous mycobacteria and to *Mycobacterium bovis* (present in BCG vaccine), which further reduces the specificity of the test and can lead to false-positives.

RESULTS
=======

A total of 936 patients were included in the study, with a mean age of 38 (IQR 31-47), among which 97.4% were males. The vast majority of inmates were originally Spanish (64%), while the remaining 36% were foreign (from 57 different nationalities). 75.4% had a background of smoking, 44.1% were under chronic psychotropic treatment and 13.4% had been on methadone maintenance treatment at some point. The prevalence of HIV infection was 5.6%. 17.4% of the individuals had a background of active or resolved HCV infection and 4.5% had some type of severe mental disorder. In the sample, 511 inmates had a positive PPD test, which entails a prevalence of LTI of 54.6% in this facility. Among patients with LTI, 155 (30.3%) had completed or were currently on chemoprophylactic treatment, while 69.7% were not.

When comparing inmates with and without LTI there are statistically significant differences with regard to the distribution of the following variables: gender (p=0.003), age (p under 0.001), prior or current treatment with methadone (p=0.001), chronic psychotropic treatment (p=0.010) and active or resolved HCV infection (p under 0.001) (see [Table 1](#t1){ref-type="table"}), unlike the variables smoking (p=0.317), HIV infection (p=0.454) and severe mental disorder (p=0.734). As for the stratified variable nationality, p value was 06.

Table 1Sociodemographic and clinical features of individuals included in the study with regard to the presence or absence of LTI.[^1][^2]

[Table 2](#t2){ref-type="table"} depicts the results of bivariate and multivariate analysis, which show the magnitude of the association between the different variables analysed and the presence of LTI. Thus, after adjustment for confounding factors, multivariate analysis shows that there is a higher probability of suffering LTI between male individuals \[OR 3.12 (95%CI 1.19-8.16)\] and between individuals who are over 38 years old \[OR 2.08 (95%CI 1.41-3.05) in the group of 38 to 47 years old with regard to the group of less than 31 years old, and OR 3.90 (95%CI 2.56-5.93) in the group over 47 years old with regard to the same reference group\]. As far as nationality is concerned, coming from Eastern Europe or the Middle East was associated with over a two fold increase of the probability of suffering LTI in comparison with coming from Spain or other developed countries \[OR 2.13 (95%CI 1.24-3.69)\]. This probability is even higher in case of African origin \[OR 2.69 (95%CI 1.59-4.55)\]. Last, HCV infection was also associated to a higher risk of LTI \[OR 1.96 (95%CI 1.22-3.16)\].

Table 2Factors associated to the presence of LTI: bivariate and multivariate analysis.[^3]

Multivariate analysis has not shown association between the rest of variables and LTI.

DISCUSSION
==========

This results are coherent with those concluded in the "Multi-centre study on the prevalence of latent TB infection among the population of Spanish prisons"[@B12], based on data collected in 2008 from 341 individuals belonging to 18 Spanish correctional facilities. Therefore, in that study the prevalence of LTI was 50.4% (95%CI 45.0-55.9%), while ours was 54.6%. The difference between both figures could be due to the fact that the diagnostic criteria for LTI in that study was more restrictive, considering as positive the PPD test when the induration reached 5 mm or more in HIV-positive patients, and 10 mm or more in HIV-negative patients after 48.96 hours of injection, while our study considered a positive result an induration of 5 mm or more regardless the background of HIV infection. The prevalence of LTI was similar to that reported by other previous studies carried out on inmate population in our country[@B21] ^,^ [@B22]. These data significantly differ from the prevalence of LTI among the general population as noted by the WHO, which estimates it around 30%[@B1], as well as by a study carried out in the general Spanish population which estimates it around 15%[@B23].

With regard to LTI-associated factors, multivariate analysis reveals a higher probability of suffering this condition in males. This is coherent with the results of another study carried out in 2003 on the Spanish general population[@B23]. However, the result of our study lacks accuracy and it should be noted that only 24 women were included (2.6%). Thus, this result should be considered with precaution. The association between LTI and the variables age and nationality is also consistent with the previous literature[@B12] ^,^ [@B18]. This can be explained by the fact that the older the individual is, the higher risk of infection due to a more prolonged exposure time. On the other hand, a higher prevalence of LTI is found among individuals who come from countries where TB is still endemic.

The association between LTI and HCV had been previously noted by a case-control study on inmates in the USA[@B13], despite the fact that other studies have been unable to reach that same conclusion[@B12]. Our result could be due to the fact that HCV infection in the correctional setting is associated to intravenous drug use, and thus to socially disadvantaged populations who are traditionally at higher risk of LTI.

As for HIV, we have found a higher frequency of LTI among individuals with HIV infection. Nevertheless, multivariate analysis shows an OR of 0.52 with a CI including the null value. Therefore this result should be carefully considered since it could be influenced by other factors, such as the possibility of PPD false negative results.

Last, the percetage of individuals with LTI who had completed or were under chemoprophylactic treatment was 30.3%. That proportion is low and its below the data of 48% pointed out by a study conducted in 1999 on the Spanish inmate population[@B22]. Our study has not taken into account the reasons why a high proportion of inmates have not completed that treatment (refusal or abandon, medical contraindication or lack of prescription).

CONCLUSIONS
===========

The prevalence of LTI in today's Spanish inmate population is still high, being above that of the general population. In penitentiary facilities, LTI is associated to male gender, an older age, and the origin from countries where TB is endemic, being age the variable most strongly associated. Among the rest of variables under study, only HCV infection acts as a predictor for LTI. These results reinforce the relevance of LTI screening in prisons, especially among those groups with more risk factors; and they suggest that further effort should be made in prescribing and completing chemoprophylactic treatment, as measures needed to reduce the development of TB disease and prevent its transmission.

[^1]: Note. LTI: latent tuberculosis infection; IQR: Inter-quartile range; HVI: human immunodeficiency virus; HCV: Hepatitis C Virus.

[^2]: \*Chi-square. †Mann-Whitney U.

[^3]: Note. 95%CI: confidence interval; OR: odds ratio.
